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SUMMARY 


A feasibility demonstration of a 980 MHz Fiber Optic Link for the 
Solar Power Satellite Phase Reference Distribution System was accomp- 
lished. A dual fiber-optic link suitable for a phase distribution frequency 
of 980 MHz was built and tested. The major link components include single 
mode injection laser diodes, avalanche photodiodes, and multimode high 
bandwidth fibers. Signal throughput was demonstrated to be stable and 
of high quality in all cases. For a typical SPS link length of 200 meters, 
the tronsmitted phase at 980 MHz varies approximately 2.5 degrees for 
every °C of fiber temperature change. This rate is acceptable because 
of the link length compensation feature of the phase control design. 
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1.0 INTRODUCTION 

The purpose of the proposed Solar Power Satellite (SPS) is to convert 
solar energy to microwave energy which will be beamed down to an earth- 
based receiving station, converted, and fed to a power distribution grid. 

The downlink power transmission beam is formed by a phased array of micro- 
wave emitters, and the beam formation integrity is assured by the faithful 
distribution of a reference phase throughout the spaceborne array. One 
approach which offers possible advantages towards phase stability under 
large temperature variations, low EMI, low mass, and large length-bandwidth 
products, involves the use of fiber optic technology for phase signal 
distribution. 

1.1 SPS PHASE CONTROL SYSTEM 

The present approach for beam control is to form a phased array with 
approximately one hundred thousand microwave transmission modules. Figure 

1.1 represents the proposed spaceborne configuration. The reference system 
has been configured by the LinCom Corporation. A pilot phase signal will 
be generated and injected into the phase reference distribution system as 
shown in the lower left corner of the figure. It is to be split and success- 
ively transmitted through four levels of distribution to each subarray. A 
control signal will be transmitted from the earth-based receiving station 
to the satellite, and each microwave module will detect the control signal 
phase as it is received, compare it with the reference phase, and simul- 
taneously generate the power transmission signal with the conjugate phase 
angle. This scheme forces all of the modules' signals to be in phase 
towards the earth receiving station, regardless of the tilt of each satellite 
module. 

Since each microwave module is to be phase-controlled to within + 10°, 
the individual path lengths for each reference link must be well matched and 
stabilized if the proper phasing is to be maintained. Large thermal vari- 
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ations are expected across the SPS array, and thus. It Is imperative that 
the phase distribution medium exhibits propagation properties that are 
highly predictable. The phase stability versus temperature for optical 
fibers approaches that of the highest quality phase-stable coaxial cable as 
is summarized in Figure 1.2. 

In the proposed configuration, a two-way link Is to be built for each major 
distribution path such that any phase errors due to path length variations 
may be detected and compensated. Referring to Figures 1.1 and 1.3, it is 
shown that the transmitted phase is detected and returned to the source 
VCO for monitoring and correction, if required. Identical optical fibers 
are to be juxtaposed for the entire length of each phase link to provide 
accurate matching and tracking of the thermally Induced phase effects. 

Figure 1.3 represents a NASA test setup geared towards investigating the 
validity of the SPS phase compensation system. 

The outer level of the phase distribution network comprises over 90% of 
the network segments. At this level, the average link length is less than 
10 meters, and since some tolerance is allowed, it may be possible to 
eliminate the return links as the phase shift will average less than 
0.125 degrees per °C of fiber temperature. 

The phase reference distribution system, in addition to being temperature 
stable, needs to be highly immune to EMI/RFI , which is expected to be severe 
in the vicinity of the SPS microwave array. Fiber optics are completely 
immune to EMI/RFI, and also offer theoretical length-bandwidth products 
of several gigahertz-kilometers, which is significant considering the 
proposed link lengths and frequencies involved. Fiber optics can also present 
savings in mass, physical size, and eventually, cost. 

1.2 T ECHNICAL OBJECTIV ES 

The purpose of this effort was to demonstrate the feasibility of a fiber 
optic link at 980 MHz for SPS application. The specific tasks were to: 
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1. Analyze existing optical fibers for use In the phase distri- 
bution network with emphasis on thermal phase change effects, 
and the ability to transmit high frequency (980 Wiz) signals. 

2. Analyze optical emitters and detectors to determine their 
feasibility of operation for SPS usage at 980 f#iz. 

3. Test candidate fibers at 60 Wiz to determine phase sensitivity 
to temperature variations. 

4. Select and purchase optical emitters, detectors, and fibers 
for 980 MHz SPS link development. 

5. Design and construct impedance matching systems for coupling 
the optical emitter and detector to laboratory equipment. 

6. Assemble and test a two-way phase-matched link at 980 MHz 
consisting of similar emitters, detectors, and a two-fiber 
cable of minimum length of 200 meters. 

1 . 3 "ASK ORGANIZATIO N 

Section 2 of this report discusses the investigation and selection of fiber 
optic components suitable for the SPS evaluation. Fibers, emitters, and 
detectors are discussed. 

Section 3 presents data covering the results of phase angle versus tempera- 
ture variation tests for four fibers selected as a result of the fiber 
investigation. 

The design of a two-way 98C MHz fiber oi'-Mc link is presented in Section 4. 
The design of suitable emitter and detector modules and the selection of a 
two-fiber cable and fiber optic connectors are discussed. 
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The results of Initial testing at 980 MH 2 to demonstrate signal throughpjt 
and to further evaluate thermal effects on fibers are discussed in Section 
5. Some discussion of fiber bandwidth is also presented In Section 5 

Section 6 covers the final development of the 980 IWz two-way link and 
includes the determination of the optimum operating conditions for the 
emitter and detector modules designed In Section 4. The discussion of the 
successful phase matching of the two similar links is also presented. 

In Section 7, a complete characterization of the 980 MHz two-way link is 
performed. Information regarding phase variation for all input parameters, 
all suggested operating levels, and measured output data is given. 

Suggestions for further study are presented in Section 8. 

Appendices have also been included which present the test plans and tne 
package drawings for the 980 MHz link modules. 
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2.0 FIBER OPTIC COMPONENT INVESTIGATION 

For SPS application, optical fibers must be investigated with special 
attention given to their phase stability as a function of temperature, 
and their ability to transmit a 980 MHz signal with low attenuation and dis- 
persion. Emitters and detectors must be investigated primarily with attention 
on their ability „o be modulated by and to demodulate a 980 MHz signal with 
stable phase transmission properties. Figure 2.1 summarizes the various 
features of the fiber optic components that were investigated. Figure 2.2 
lists the components chosen as a result of the task investigations for 
laboratory testing and further evaluation. 

2.1 FIBER INVESTIGATION 

Considering the requirements of the phase reference distribution system for 
the SPS, the objectives of this investigation were to determine the potential 
of modern fiber materials and fiber manufacturing techniques for minimizing 
the undesirable thermal path length variations, and also to determine the 
ability of present fibers to transmit a 980 MHz signal; i.e., low attenuation 
and adequate bandwidth. 

Recently, work has begun on the effects of temperature on the optical length 
of fibers, and it appears that the effective path length variations for 

( 12 ) 

current fibers are comparable to the best of phase-stable coaxial cables. * ' 
As an outcome of this study, four types of optical fibers were evaluated, 
and Corning IVPO (Inside Vapor Phase Oxidation) fiber was recommended 
for the 980 MHz SPS link development. 
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FIGURE 2.1: FIBER OPTIC COMPONENT INVESTIGATION SUMMARY 
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Type 


Features 


Emitter 


GaAlAs Multi -Mode 


Injection Laser Diode 


GaAlAs Single-Mode 


Injection Laser Diode 


Light Emitting 
Diode (LED) 


Detector 


Silicon Avalanche 
Photodiode 


Sil icon PIN Photo- 
diode 


Fiber 


Stop-index glass 
multi -mode 


Graded-index glass 
multi -mode 


Stop-index glass 
single-mode 


1 . Moderate cost 

2. High power 

3. High modulation bandwidth . 

1. High power 5. Low threshold 

2. High coupling eff. 6. High reliability 

3. High bandwidth 7. Narrow spectral 

4. Low distortion w1< ^ th 

1. No threshold current 

2. Low distortion 

3. Low cost 

4. Stable operating point 

1. Gain-BU product^-dO GHz 

2. High RCVR S/IJ 

3. Moderate cost 

1 . Low bias voltage 

2. Stable operating point 

3. Low cost 

1 . Low cost 

2. Low attenuation 

1. Moderate cost 

2. High bandwidth 

3. Low attenuation 

1. Extremely high bandwidth 

2. Low attenuation 

3. Poor coupl ing efficiency 
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COMPONENT 

TYPE 

MANUFACTURER 

PART # 

Emitter 

Injection 
Laser Diode 

Nippon Electric 
Co. (NEC) 

NDL 3205P 

... 

Detector 

Avalanche 

Photodiode 

RCA 

C30908E 

(hand-selected) 

Fiber 

IVPO 

Graded Index 
Lacquer Coated 

Corning 

Product Code 
#1 514 


OVPO 

Graded- Index 
Lacquer Coated 

Corning 

Product Code 
#1504 


OVPO 

Graded- Index 
Fluorocarbon 
Coated 

Times Wire 
& Cable 

GA Series 


Double-Crucible 
Nylon Coated 

Nippon 
Sheet Glass 

"Sel foe" 
GI-60 


FIGURE 2.2 COMPONENTS SELECTED FOR FURTHER INVESTIGATION 
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The initial investigation involved literature studies and contacts with 

manufacturers to gain knowledge of the relevant properties o* various 

glasses. Modern fibers are drawn from extremely high purity doped fused 

silica. One significant exception is a Japanese product (Selfoc) which 

is composed of multi -component glasses. Fused silica provides a pure 

material with highly predictable characteristics for proper control of 

index grading for high-bandwidth specifications, in addition to the 

potential of very low attenuation. At this point, no other materials are 

seriously being considered for fiber optics with the exception of the 

(3) 

metallic halides for use with C0 2 lasers at 10.6 urn. ' 

Several papers were found which dealt with the thermal properties of 
fused silica, including information on thermal expansion, thermal 
refractive index coefficients, wavelength effects, etc. Recently, some 
work has appeared on the thermal properties of optical fibers in particu- 
lar. The remainder of the investigation involved discussions with 
several manufacturers of high-bandwidth fibers. Of particular interest, 
were the materials and the dopants used, and the manufacturing techniques 
involved. 


Temperature can affect the phase of the reference signal transmitted 
through the fiber by two mechanisms: thermal expansion and thermal 

variation of refractive index. The following equation defines the 
relationship: 


A0 


360 fnl 
’ c 


/ dn + dl_ 
VndT ldT 



Where: A0° = change in transmitted phase, degrees 

aT = change in temperature, °C 
f = frequency of transmitted signal 
n = nominal index of refraction of core 
1 = nominal length of fiber 

c = speed of light (vacuum) 
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12 ) 

The results of an initial test' ' indicated that for a silica fiber at 
820 nm, the effect due to a change in refractive index was significantly 
greater than the effect due to thermal expansion. For zero total effect, 
it is desirable that the refractive index coefficient be opposing in sign 
but equal in magnitude to the thermal expansion (length) coefficient. 

One of the tasks of the investigation was to determine if any fiber materials 
exhibited such characteristics. 

Refractive index variations are caused by two distinct phenomena. As a 
fiber expands with temperature, its density will decrease, causing a nega- 
tive refractive index coefficient. However, a phenomenon called electron 

(41 

polarizability will cause a positive refractive index coefficient. ' 

Depending on the particular glass, the temperature range, or the wave- 
lengths involved, either effect may dominate. Several common optical 
glasses do indeed exhibit negative index coefficients at longer wavelengths 
over some of the temperature range of our concern (-50°C to +150°C). It 

has been shown, however, that those glasses with the negative index coeffici- 

(5) 

ents also exhibit the greatest coefficients of thermal expansion. ' The 
summed effects of both coefficients for any of the glasses surveyed show 
that no glass has significant "temperature hardness" improvement over 
fused silica. Although its index coefficient is positive (and essentially 
constant) for all wavelengths over which it is transparent,^ the 
expansion coefficient of fused silica is extremely small, perhaps the 
lowest of all known materials. The expansion coefficients for other 
glasses are generally much greater. 

For high silica fibers, two major manufacturing techniques are currently 
being used. The more common technique, called "inside vapor phase oxidation", 
involves the chemical vapor deposition of silica and the necessary dopants 
onto the inside of a large silica tube. Essentially, a "preform" is built 
up from the outside by deposition of core materials. Contaminants can 
be controlled down to one part per billion. ^ The alternate chemical vapor 
deposition technique is called "outside vapor phase oxidation" and involves 
the deposition of silica and dopants onto a mandrel from the outside. 
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The mandrel is then removed. In either case, the preform is then drawn 
through a furnace, collapsed and pulled into a fiber. 

Several dopants may be used In the manufacture of fibers for an assortment 
of reasons, but the most significant are germanium, boron, and phosphorous. 
Germanium and phosphorous serve to increase the refractive index above 
that of pure silica; whereas, boron may be used to reduce the refractive 
index. 

Selfoc is distinctly different from the high purity fused silica fibers 
discussed above. Not only is the fiber composition unique, the manufactur- 
ing technique utilizes a double crucible in which melted core material is 
held concentric with melted cladding material. As the fiber is drawn from 
the crucibles 1 nozzle, ions from the two melts tend to diffuse, creating a 
graded index profile. 

Since linear thermal expansion and index of refraction variations are 
bulk properties of the glass which affect all modes of propagation identi- 
cally, single-mode fibers would not offer any advantages and therefore were 
not thoroughly investigated. The use of single-mode fibers presents several 
difficulties in the coupling of sufficient optical power and with handling. 
If a single-mode fiber were chosen, a germanium-doped core fiber would be 
recommended because of the large cross-section of pure silica cladding. 

Single mode fibers offer impressive bandwidth characteristics due to 
their inherent lack of intermodal dispersion, but in general, fiber band- 
width effects in multi-mode fibers should have little effect on the trans- 
mitted signal phase. Dispersion will cause the amplitudes of high 
frequency signals to diminish, and thus should always be avoided to main- 
tain good signal-to-noise rctios. The phase should be stable under the 
effects of dispersion (if not excessive) unless the fiber’s modal relation- 
ships are upset. Thermal variations could potentially cause such an 
upset (see Section 5.1), but the SPS two-way link compensation scheme 
should minimize these effects. 
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To summarize, modern high-bandwidth communications fibers are readily 
available with attenuation values of less than 10 db/Km and length-band- 
width products of several hundred megahertz-kilometers. Such fibers 
are more than adequate for the SPS application, and it is expected that 
limitations at 980 MHz would be due more to emitter and detector res- 
ponses. Figure 2.3 summarizes the properties of presently available 
fibers (manufacturer-supplied data) suitable for consideration in the 
SPS application. 

2.1.1 Thermal Effects in Fibers 

Recent results of tests run on bulk glasses and on optical fibers in par- 
ticular, indicate that all of the high purity fused silica fibers 
will exhibit similar thermal characteristics, essentially identical to 
those of undoped fused silica. 

The coefficient of thermal expansion, is expected to be close to, but 
slightly greater than that of undoped silica for all fibers, probably in 
the neighborhood of 1 x 10"^ per °C. The coefficient of refractive index, 

— | is expected to be typically 6 times greater, near 6 x 10"^ per °C. Germanium 

doping appears to have little effect on the thermal coefficients. Boron seems 

to increase the refractive index coefficient. However, it i.' usually not 

used in the core and thus, again, the effects will be small. Attenuation } 

and dispersion properties of fibers should not be significantly affected 

by environmental temperature changes.^' ^ 

It is anticipated that the results from any testing of a high purity silica 
fiber should be similar to those of the initial test on Corning IVPO fibers. 

In that case, it was determined that: 

A0° = 1.32 x 10 ^ per meter per Hz per °C 

It is further anticipated that the thermal phase variations will be greater 
for the Nippon multi -component fiber, due mostly to a significantly 
larger thermal expansion coefficient and a nylon buffer. The refractive 
index coefficient may be smaller than that of fused silica, but it is 
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FIGURE 2.3: SUMMARY OF MANUFACTURER'S FIBER DATA 
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expected that the thermal expansion will dominate to cause a greater total 
effect. The phase variations will most likely be greater for plastic-buffer 
fibers. Plastics are typically characterized by very large thermal expansion 
coefficients. It has been shown ^ that as the buffer expands (or contracts) 
it tends to linearly stretch (or compress) the internal fiber, creating a 
larger effective thermal expansion coefficient. 

2.1.2 Fiber Selection 

The following fibers were procured fur purposes of thermal phase testing. 

1 . Corning IVPO Graded Index 

This is a high quality IVPO fiber and it represents the state- 
of-the-art for its type. 

2. Corning OVPO Graded Index 

This fiber combines the outside vapor phase technique with 
dopants Ge, B. 

3. Times Wire and Cable OVPO Graded Index 

This fiber is an OVPO fiber but is unique in that only B doping 
is used. 

4. Nippon Multi -component Graded Index 

Of Japanese manufacture, this fiber is unique in its multi - 
component glass construction, as well as being drawn by the 
double-crucible technique. 

All four of the fibers exhibit adequate bandwidth and attenuation character- 
istics for the SPS phase distribution task. 
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Most present fiber optic applications utilize wavelengths In the 800 nm 
to 900 nm range where GaAs emitters and silicon detectors provide adequate 
optical powers and detector sensitivities. However, It has been shown^ 1 ^ 
that silica fibers reach their bandwidth peak and attenuation null in the 
1200 nm to 7 £00 nm wavelength range, and it Is expected that emitters and de 
tectors in this range will become available In the early 1980's. The 
improvements in bandwidth and attenuation may be of some interest for SPS 
use, but it is expected that there would be little Improvement, if any, 
in thermal phase effects due to the fact that the phase-affecting thermal 
coefficients are invariant by choice of wavelength. Further investigation 
is suggested, however, as the new technology matures. 

2.2 EMITTER INVESTIGATION 


The objectives of the emitter investigation were to determine the ability 
of various sources to be modulated at 980 MHz, and to determine optimum 
biasing, stabilization, physical configuration, and modulation techniques 
for use at 980 MHz. Suitable emitters were to be procured and evaluated 
in a 980 MHz fiber optic test link. A single mode injection laser diode 
was chosen for the tests for reasons of high power output, high bandwidth, 
and excellent linearity. 

The most widely used optical sources for fiber optic systems are injection 
laser diodes (ILD) and light emitting diodes (LED) which emit in the 
0.8 to 0.9 and 1.2 to 1.6 y spectral ranges where the transmission proper- 
ties of fibers are superior. Present technology dictates the use of 

( 12 ) 

devices in the 0.8 to 0 .% region due to progress made with GaAs devices' . 

Ie! 1 ' s represent the widest possible system utility with high radiance, low 
loss coupling to fibers, ease of direct modulation to GHz rates, small 
size, and potential low cost. Temperature dependence of operating character- 
istics for ILD's is high, and thus temperature stabilization is normally 
required. Lifetimes are typically guaranteed to be greater than 10,000 hrs. 
for the 0.8 to 0.9p devices. 

1 
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LED's may fulfill many system needs In relatively short or low bandwidth 
links with less restrictive operating conditions than those needed for 
ILD's. They are capable of coupling powers comparable to lasers into large- 
core, step-index, low-bandwidth fibers, modulation rates up to 100 MHz, 
are small in size, low cost, and offer excellent stability and linearity. 

Recent advanced in InGaAsP have made It possible to construct both ILD's and 

LED's that operate in the 1.3w spectral regions, where dispersion and attenu- 

(131 

ation both attain theoretical minima in silica fibers. Reliability 
of these newer devices is presently poor, but future developments may 
allow the 1.3p region to become extensively used. 

The devices presently most appropriate for the SPS phase distribution net- 
work are GaAs ILD's, operating in the 0.8 to 0.9k region. The choice 
is based on their high speed of response, high power output, and high coupling 
efficiency with high-bandwidth fibers. The longer wavelength region was 
rejected for this study because of the present reliability problems but 
should be considered in future investigations. 

Although the impact of diode linearity on phase is not clear, devices which 
operate in a stable, single transverse mode should be selected because of 
their excellent linearity over a wide range of optical power. Linearity 
is required as the ILD's will be biased at an average value of current and 
linearly modulated about the bias point by the 980 MHz phase reference 
signal. Also, single mode lasers tend to have narrower emission spectra 
which allows higher fiber bandwidths due to reduced material dispersion. 

ILD's typically exhibit sharp resonant peaks in modulation response around 
1 GHz. Response above the peak rolls off very quickly, and thus it is 
imperative that operation be at or below the peak. Operation near the peak 
is not recommended because phase response is expected to change rapidly 
in this region. The ILD frequency response depends on the diode stripe 
width, dopant levels, and bias conditions and can be somewhat extended by 
an increase in the bias current. 
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It was difficult to determine the relative ability of various manufacturers' 
ILD's to operate at 980 MHz due to an Inadequacy of manufacturers' data. 
Several manufacturers Indicated that their devices had rise times quaranteed 
>.0 be less than one nanosecond, bjt were not confident as to the performance 
at 980 MHz. The selection was also based on diode availability, cost and 
optical output (pigtail) compatible with high efficiency coupling to high 
bandwidth fibers. 

Nippon Electric Co. (NEC) was selected as the supplier for the laser diodes. 
The devices (NDL-3205P) chosen were single mode, with attached pigtails, 
and were well packaged. The NEC diodes operate at 860 nm and additional 
performance data are included in Figure 2.4. 

2 . 3 OEFECTOR INV ESTI ■ AT I ON 

The objectives of the detector investigation were to determine the response 
characteristics for various opti.il sensors at 980 MHz, and to determine 
the optimum biasing, stabilization, physical configuration and termination 
techniques for 980 Wz use. Those detectors which appeared worthy of further 
investigation were to be procured and evaluated in a 980 Mz fiber optic 
test link. An avalanche photodiode was chosen for the tests for reasons of 
high sensitivity, superior speed, and high signal responsi vity. Hand- 
selected units were procured for the particular SPS 980 MHz requirements. 

The four basic types of photosensors considered include photo-emissive, 
nnotovoltaic, photoconducti ve junction, and photoconducti ve bulk effect 
types. Practically all fiber optic sensors are of the photoconducti ve 
junction type, represented primarily by photodiodes and phototransistors in 
■..-•} i ch the -esistsnce across a semiconductor junction varies as a function 
of the. incident lignt level, and with appropriate applied bias, a photocurrent 
is p».'duced. They are generally the fastest in response, and quite linear. 


19 


Dl 80-25888-1 


NDLlltl. UNCLE MODE DOUBLE METEROJUNCTION LASER DIODE 



FIGURE 2.4 INJl^ION LASER DIODE PERFORMANCE DATA 
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Among photoconductive junction devices, photodiodes are most commonly used 
due tc their inherently fast response ('v 1 nanosecond). Beiow 100 KHz, 
phototransistors such as photo FET's offer the greatest potential sensi- 
tivity. When properly designed, optical receivers using photo FET's are 
very stable with temperature and power supply variations. 

Photodiodes are usually either made of a gainless PIN structure, or of a 
structure wherein avalanche multiplication takes place. PIN photodiodes are 
very simple to use, requiring low voltage power supplies and no temperature 
or bias stabilization. Avalanche photodiodes are the fastest and are 
extremely sensitive because signal gain is generated before the noise sources 
of the receiver preamplifier. Bias and temperature stabilization is necessary 
for optimum usage, and bias voltages may be as great as 300 volts. PIN 
photodiodes are often suitable for short links where sensitivity is not of 
prime concern. 

Present technology of fibers and emitters (and detectors) dictates that 

the wavelength of operation be in the range of 0.8 to 0.9 u- Silicon detectors 

operate with high efficiency in this region (typically 75%) and thus find the 
( 12 ) 

most useage. ’ As the technology shifts towards the 1.3>i region of wave- 
length, where silica fibers reach attenuation and dispersion minima, detectors 

( 13 ) 

will probably be made with InGaAsP.' ' It is expected that the technology 
at 1.3m will become available in the early 1980' s. 

The devices most appropriate for the current SPS phase distribution link 
are silicon avalanche photodiodes (APD) due to their superior speed of 
response, low noise performance and high responsi vity. Typical gain-bandwidth 
products are in the range of 80 GHz to 100 GHz, and a speed of response 
(bandwidth) and gain (responsivity) may be traded for APO's. A high field 
region is required for the gain mechanisms to occur, and generally the 
longer the region, the greater the responsivity. For fast speed, short 
drift times are required which imply shorter regions. Most commercial 
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APD's appear to have thicknesses near 30 y which causes a frequency response 
rolloff somewhat below 1 GHz. It is expected that detector phase may be sensi- 
tive in the rolloff region, and therefore it is desirable that a diode with 
a thinner junction be selected for the SPS application. 

RCA was chosen as the supplier for the avalanche photodiodes. They were 
willing to hand-select units with junction thicknesses in the neighborhood 
of 15 to 20 y which would guarantee a flat response past 1 GHz. Diode 
responsivity at 800 nm to 900 nm would be only slightly reduced. RCA offers 
a special package for APD's which contain an integral light pipe. The 
package eliminates the need for fiber pigtailing and, with the aid of an 
RCA-available adapter bushing, a fiber optic connector may mate directly to 
the device. The part number is C30908F, and specification information is 
given in Figure 2.5. 
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3.0 60 MHz THERMAL PHASE SENSITIVITY TESTS 

The objective of the 60 MHz tests was to determine the relative phase 
sensitivity versus temperature for the four fibers selected through the 
fiber Investigation discussed previously. The 60 MHz frequency was used for 
the tests because of the existence of transmitters and receivers in the Boeing 
Fiber Optic Test Laboratory. 

The test setup is shown in Figures 3.1 and 3.2. Each fiber was wrapped on 
a separate mandrel and inserted individually into an environmental test 
chamber for testing. A fiber optics transmitter modulated at 60 MHz was 
used to couple the signal into the fiber, and a suitable receiver was used 
at the far end. 


As the temperature was varied (in 25°C increments) , the relative phase 
change was monitored by the vector voltmeter. The phase of the 60 MHz 
signal at the transmitter was used as the reference signal and any 
phase change in the electronics was monitored by replacing the test 
fiber with a short (three meter) length fiber held at room temperature. 

The phase change within the electronics in all cases was found to be negli- 
gible, typically within one degree during a test cycle. 


The test plan for the 60 MHz tests is attached in Appendix I. The pertinent 
specifications for the four selected fibers are given in Figures 2.3 and 


3.3 

below. 


Ref- 

ractive 

Fiber 

Manufacturer 

Length 

Index 

1 . 

Corning (IVPO) 

303m 

1.47 

2. 

Corning (OVPO) 

1060m 

1.47 

3. 

Times Wire and 
Cable 

202m 

1.46 

4. 

Nippon Glass 
"Selfoc" 

324m 

Data 

not 

suppl ied 


Attenu- 

ation 

Band- 

width 

N.A 

3.9 db/Km 

870 MHz-Km 

0.218 

4.0 db/Km 

1400 MHz-Km 

0.204 

6.0 db/Km 

291 MHz-Km 

0.170 

7.0 db/Km 

Data not 
supplied 

Data .not 
suppl iec! 


Figure 3.3 Specifications of Test Fibers 
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FIGURE 3.1. 60 MHz PHASE TEST - BLOCK DIAGRAM 
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The specifications for the remainder of the test setup are given below: 
Transmitter 


Emitter - RCA C30130 Injection Laser Diode, AlGaAs 
Wavelength - 820 nm 

Optical Power - 620 microwatts average 

Modulation Source - HP 8660 Frequency Synthesizer, 60 MHz 

Receiver 


Detector - Texas Instruments TIXL 56 APD with Pigtail 
Sensitivity - < 10 nw for 20 dB SNR 

Environmental Test Chamber - Delta Design, Model #5708 


3.1 TEST RESULTS 

The measured relative phase change for the four fibers is shown in Figure 
3.4. The ordinate is scaled on a per Hz and per meter basis such that 
the absolute value of phase change may be determined for any length fiber 
at any frequency of use. 

The results for the two Corning fibers are nearly identical and a>*| roach 
the results expected for pure fused silica. Figure 3.5 shows the data for 
the two Corning fibers plotted on an expanded scale. 

It was anticipated the "Selfoc" would be the most rensitive to temperature 
due tc its multi -component structure. However, the majority of the differ- 
ences are best explained by the thermal effects of the various buffer coat- 
ings used. The Corning fibers use a very thin acetate lacquer layer for a 
buffer, but both the "Selfoc" fiber and the sample from Times Wire and Cable 
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TEMPERATURE ,°C 

FIGURE 3.5 PHASE VS TEMPERATURE FOR CORNING FIBERS 
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use a thicker silicone buffer coated with a layer of a thermo-plastic 

which expands or contracts greatly with temperature changes. This fact 

becomes obvious if we consider that the fiber from Times is highly similar 

to the Corning fibers in both composition and manufacturing process. The 

additional plastic buffer coatings act to "stretch" or "compress" the 

( 9 ) 

fiber, causing a larger phase variation. ' 

It is also interesting to note that the signal throughput was lost at low 
temperatures for the Selfoc fiber. This effect is probably caused by 
severe microbending due to the contraction of the buffer coatings. Micro- 
bending causes the propagation modes to be coupled to radiation modes and 
to be lost from the fiber core. The Times Wire and Cable fiber was not 
tested above 115°C (as suggested by the manufacturer) to ensure that the 
Hytrel buffer would not melt. The dashed lines in Figure 3.4 are pre- 
dictions of results at the temperature extremes so that the four fibers may 
be better compared. 

It is clear that a proper choice of buffer coating is important for the 
SPS application. A buffer coating is necessary to protect the fiber proper 
from chemical contaminants and to prevent the introduction of nicks or 
scratches to the glass. The heavier, plastic buffers are perhaps better 
for fiber protection, but obviously impose serious effects on the phase proper- 
ties. Similarly, cabling processes which extrude a tight plastic jacket onto 
the glass should be avoided. The Siecor Co. uses fibers manufactured by 
Corning and uses a "loose tube" approach in which the actual fiber forms a 
very sloppy, loose fit within the jacket. This scheme allows some independence 
between the jacket and the fi ber, thereby creating less of a potential phase 
change problem. One significant conclusion of this study is the fact that 
the entire buffer/cabling question is significant with respect to the SPS 
phase control application and deserves as much attention as the choice of 
the fiber itself. 
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The Corning IVPO fiber is the least sensitive to temperature. The equation 
for phase change, as given earlier, is: 


A0° = ^ ^rood nl (jjjjr + aT 


The terms inside the brackets represent the fractional change of refractive 
index with temperature, and the fractional change of length with temperature, 
respectively. Over the temperature range involved, the test showed that: 


/dn , d£ 
'ndT IdT 


) = 7.494 x 10' 6 per °C 


exp. 


Previously run tests at Corning on IVPO fibers to determine the temperature 

-6 

coefficient of linear expansion indicate that: = 1.75x10 per °C. 

The refractive index of fused silica Is expected to vary as: 

— Pf = 5.6 x 10"° per °C over the temperature range of interest. Adding 

HQ I j. 

the above two terms gives a predicted value t ' = 7.35 x 10”° per °( 

which checks cosely the experimentally measured figure of 7.494 x 10"^ per °C. 
The results for Coming's OVPO fiber are similar. The more complex analyses 
for plastic-buffered fibers are dealt with in Reference 8. 
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4.0 980 MHz LINK DESIGN 


To facilitate evaluation of the fiber optic links at NASA-JSC, an attempt 
was made in the design to phase match the two links operating in the opposing 
direction. The effort in this section was to design such a dual link which 
would consist of the source and detector modules used together with labora- 
tory equipment such that this condition could be met. Another design goal 
for the 980 MHz link was to develop simple, yet effective signal coupling 
schemes for the emitters and detectors which are described in this section. 

4.1 EMITTER MODULE DESIGN 

The approach chosen for the emitter module Is illustrated in Figure 4.1. 
According to manufacturers, the input impedan;e of an injection laser diode 
is approximately 2 co 3 ohms of resistance in series with a few ohms of 
reactance, with both values dependent on drive and bias levels. Thus, the 
use of an impedance matching scheme, such as a transformer, a cavity resonator, 
or stripline network, is questionable because (1), the impedance seen by 
the 50 ohm driving source would not be constant and (2), the drive current 
into the laser diode would not be linear with drive levels. This situation 
would create a non-linear optical waveform due to the direct relationship 
between optical power and instantaneous drive current. 

The method shown in Figure 4.1 uses the 47 ohm resistor (specifically 
chosen for high frequency use) to swamp out the effects of the varying 
diode impedance. It causes approximately 50 ohms to be seen by the driver 
at all times, and it also aids in converting the driver output to a current 
source as required by the diode for linearity. The 47 ohm resistor reduces 
efficiency, but for this study, the loss of efficiency when weighed against 
the simplicity and effectiveness of this technique, was determined to be 
insigni ficant. 
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(a) 980HHz EMITTER MODULE SCHEMATIC 



(b) 980MHz DETECTOR MODULE SCHEMATIC 


FIGURE 4.1 980 MHz MODULE SCHEMATIC DIAGRAMS 
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The DC bias Is coupled to the laser diode through a quarter-wave microstrip 
which is AC shorted to ground at the far end from the diode. Ideally, the 
impedance seen on any transmission line at a point one quarter of a wave- 
length from a short will approach Infinity, which would, therefore, not 
impose any loading on the 980 MHz signal paths. 

(15) 

The propagation delay of a microstrip line may be calculated by' ' ' : 
t Ad = 1.017 /o.475 e r + 0.67 ns/ft. 


The propagation delay for the line Is dependent only on the dielectric 
constant of the circuit board and not on the line width or board thickness. 

For the fiberglass epoxy boards used, e r *5 and the propagation delay of 
the microstrip line is found to be 1.7/ ns/ft. The time required for one 
quarter-wave of a 980 MHz signal is: 

t = 1 > 2.551 x 10 ^ seconds. Therefore, the length of 

a/ 4 4 x 980 x 10° ln 

2 551 x 10" u 

the microstrip line becomes: £ = — — = 0.1441 ft. = 1.73 inches. 

1.77 x 10' y 


High frequency "chip" capacitors were used for the AC line shorting and 
also for coupling the AC signal from the driver to the diode. 


It is important that the Injection laser diode be stabilized against 
temperature variations. A laser diode's threshold current knee is a strong 
function of temperature (typically 1 ma per 'C), and if the temperature is 
allowed to vary, the optical output will vary excessively, possibly leading 
to diode destruction. Thermal stability is also required to keep the emitting 
wavelength (.25nm per °C) within set limits in order not to exceed phase 
errors due to refractive index changes in the fiber with wavelength changes. 

Between 800 nm and 1,000 nm, the refractive index for fused silica 

_3 

varies approximately - 1.5 x 10 per nm. By mathematically combining 
the effects, for every degree of temperature change of the laser diode, 
a(J = 4.5° per Km of fiber per degree C. 
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Temperature stability for the diode was achieved by mounting It together 
with a thermoelectric cooler unit In a thermal feedback loop and attaching 
the entire assembly to a heat sink. A schematic of the cooler circuitry Is 
shown by Figure 4.2. The heat sink also serves as the front panel for the 
emitter modules and all of the Interfaces are mounted through It. Details 
of the packaged emitter module, with the bias Inputs at the top, the 
fiber optic connection (lower left) and the RF Input connection (lower 
right) are shown 1r. Figure 4.3, with the Internal view given in Figure 4.4. 
The thermoelectric cooler PC board Is mounted on the right side, while 
the ILD driver PC board Is on the left side. The cooier unit Is mounted 
oehind the laser. The laser pigtail was terminated with a fiber optic 
connector, looped around, and fed into a bulkhead feedthrough connector 
mounted in the heat sink. Package drawings are contained In Appendix II. 

4.2 DETECTOR MODULE. DESIGN 

The approach chosen for the detector signal coupling scheme Is illustrated 
schematically by Figure 4.1. Avalanche photodiodes are best modeled as 
high impedance current sources in parallel with a few picofarads of 
capacitance. As such, true impedance matching techniques would be diffi- 
cult to implement and would most likely be more lossy than beneficial. 

In the approach used, the signal photocurrent is coupled through a DC 
blocking capacitor directly Into the (50 ohm) input impedance of the preamp. 
The current x Impedance product is a voltage which is then amplified. This 
scheme has been the most successful at lower frequencies, is actually the 
least noisy, and should provide the best performance at 980 MHz, particularly 
in a single frequency application. This eliminates any difficulties 
created by a frequency dependent input impedance. 
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The DC bias for the detector was coupled through a quarter-wave microstrip 
in a fashion identical to that used for the emitter module. A 100 k ohm 
resistor was i sed in series with the bias supply to limit the photocurrent 
and, hence, the detector power dissipation. The continuous power rating 
for the APD's is 100 milliwatts and if, for example, the APD was biased at 
180 volts and had a responsivity near 100 amps per watt, an optical power 
level as small as 5 microwatts could cause burnout from excessive dissipation. 
With the same 180 volt bias source and the 100 k ohm resistor in place, the 
maximum possible detector dissipation is 90 milliwatts, regardless of optical 
power. The DC photocurrent produced in the APD by the incident light will 
flow through the resistor which will create a voltage drop and thereby 
reduce the bias (and the gain) of the J dr*. 

RCA 30908E's were used in the detector module largely because of the convenience 
of the integral light pipes which allowed simplified coupling to the fiber 
optic cables. Figure 4.5 is a perspective view showing the fiber optic 
connector at the right side, the RF output exiting the left end of the 
module, and the high voltage bias wires trailing from the far end. Figure 
4.6 shows an open-box view with the APD mounted through the box at the top 
of the picture. The RF output port is at the left end and the bias inputs 
at therighvend of the box. A large 0.1 uf capacitor dominates the photo- 
graph. 

4.3 FI BER OPTIC CABLE AND CONNECTOR SELECTION 

Based on the results of the thermal tests, the Corning fibers are an obvious 
choice for the 980 MHz tests. Siecor Cables use Corning fibers in their 
product line, and although the IVPO fiber was slightly less sensitive to 
phase change than the OVPO fiber, OVPO fiber was purchased because of sub- 
stantial lead-time and cost savings. Siecor offers a strengthened two-fiber 
cable using the loose-tube approach discussed in Section 3.3, and the cable 
construction is shown in Figure 4.7. The cable (#222) uses fibers speci- 
fied with attenuation of less than 6 db/Km and a bandwidth greater than 
400 MHz-Km. For a link length of 200 meters, the signal response will be 
down less than 1 db at 980 MHz. 
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Cabia dttign 

ReiiabiMy ot fiber optic cables <s but 
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FIGURE 4.7. SIECOR 2 - 


Cable Construction and materials 
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cable's longitudinal tensile s t r ength 
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Amphenol connectors were chosen for the SPS link because of familiarity and 
generally good results in previous applications. Connections are normally 
less than 2 db of loss and very rugged and repeatable (with proper cleaning 
precautions). The part number is #906-110-5005. 
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5.0 980 MHz ONE-WAY LINK TESTS 

The 980 MHz tests were intended to evaluate fiber optic emitters and detectors 
at room temperature for signal throughput, modulation depth and sensitivity, 
and to investigate various effects in an optical fiber due to temperature 
variations. The effects included propagation delay (phase sensitivity), 
attenuation, and bandwidth changes. The tests employed one each of the 
emitter and detector modules constructed for the 980 MHz two-way link and 
the fiber selected was Corning IVPO fiber used in the 60 MHz thermal tests. 

The detailed test plans are attached in Appendix I. The emitter module 
was driven through a short length of high-frequency coaxial cable by a frequency 
synthesizer set to 980 MHz. The test fiber was placed in an environmental 
chamber and coupled to the detector module which was in turn connected to 
a small 50 ohm preamplifier. Current meters were used to monitor the 
emitter and detector bias currents. The 980 MHz source and the environmental 
chamber were the same units that were employed in the 60 MHz tests. 

5.1 TEST RESULTS 

Measurements of phase delay and attenuation were conducted at a fixed room 
tempera C vi t*0 ( Section 7) and at a variable temperature. The output voltage 
waveforms were monitored using a sampling oscilloscope and the trace was 
stable and clean throughout the entire test procedure. The basic test 
setup is depicted in Figure 5.1 which also indicates the optical and 
electrical signal livels used for the test. 

The 980 MHz phase versus temperature test was run according to the test 
plan and the results are plotted in Figure 5.2 on a per Hz and per meter 
basis. Also plotted are the data points for the same fiber measured at 
60 MHz, which lie on an identical curve. Clearly frequency scaling within 
the specified bandwidth product 1 GHz-Km) is valid. 
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o V BIAS = 180 V0LTS DC 

o OPTICAL POWER - 228 ywatt 
0 DETECTOR LIGHT PIPE 

0 V 980MHz “ 135 mv RMS OUT 
OF PREAMP 


FIGURE 5.1 INITIAL SPS 980MHz FIBER OPTIC LINK TEST 
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CHANGE IN PHASE, DEGREES/Hz-METER 
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FIGURE 5.2. 980 MHz PHASE VS TEMPERATURE TEST 
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The identical results at the two frequencies sten from the fact that linear 
thermal expansion and index of refraction variation are bulk properties 
of the fiber, affecting ail propagation modes equally. Each effect serves 
to introduce a change in the time for the light to travel through the fiber, 
causing the phase to change according to: 


mod 

Where: 

a(8° = phase change, in degrees 

At * change in fiber propagation time due to a temperature change 
f * modulation frequency (980 MHz, etc.) 

The fiber will transmit different wavelengths of light at different 
vHociiies due to variations of refractive index with wavelength, but any 
effects due to sideband generation are insignificant because the modulation 
frequencies are so far below that of the optical frequency (f = c/._ = 3.49 

14 0 A0 

x 10 Hz). In both cases, negligible hysteresis between 
increasing and decreasing temperature cycles was observed, so long as 
adequate time to obtain thermal equilibrium was allowed. 

The 980 MHz attenuation versus temperature tests were run according to the 
test plan except that the electrical output out of the detector and the 
optical incident power level were recorded simultaneously, thereby allowing 
a more valid comparison. Optical power could be measured directly by 
removing the fiber end from the detector module and inserting it into the 
photometer head (and vice versa), but connector repeatability may introduce 
inaccuracies. An alternate solution, and the one utilized, was to monitor 
the DC current from the detector module high voltage supply. The DC current 
was used directly as a measure of small changes in optical power (+ 10%), 
since it is actually the average Dhotocurrent produced by the average optical 
power. The relationship between the DC current and the incident optical 
power was determined at room temperature, and all other optical powers 
were calculated proportional ly. 
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The test results are plotted In Figure 5.3. 

The lower curve shows a negligible variation of the transmitted optical power 
with temperature. The power was measured to be continually between 227 and 
229 microwatts, which Is less than 1% total change and is within test equip- 
ment accuracy. It can thus be concluded that the fiber optical attenuation 
is constant over the temperature range of the tests. 

The upper curve shows the response of the li ik at 930 MHz. The ordinate 
shows the rms voltage at 980 MHz measured out of the preamp with the vector 
voltmeter. The difference between the lower curve and the upper curve gives 
an indication of the effects of temperature on the bandwidth, m slight 
rolloff can be seen between 0°C and -50°C. The bandwidth Is not affected 
between 0°C and +50°C, but above 50°C a drop in response is again observed, 
with the curve flattening out again towards +150°C. 

The full explanation of the effects is not yet clear; a possible explanation 
may arise in that as the refractive index varies with temperature, the 
precisely controlled index grading may be disturbed which, in turn, may 
reduce the bandwidth. r urther study is recommended. 

The exact relationship between the fiber length and its frequency response 

(121 

is a complex subject. Frequently it is assumed that the fiber length 
times its 3 db frequency response roll-off point is a constant. This constant 
for the test fiber (measured by Coming) at room temperature is 870 MHz-Km 
which implies that the response at 980 MHz for 1 Km will be 3.56 db below 
the response at low frequencies. This value must be added to the normal 
optical attenuation figure ( 3.9 db/Km) to obtain the actual 980 MHz 
component attenuation value of 7 16 db/Km. An additional loss (Fig. 5.3) 
is observed at higher temperatures , approximately equal to 0.45 db, which 
for a constant length-bandwidth product translates to 1.48 db/Km. 
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6.0 980 MHz TWO-WAY LINK DEVELOPMENT 

The two-way link development involved three tasks: 

(1) Determina.ion of the optimum operating conditions for each emitter 
module, including bias and drive levels. 

(2) Determination of the optimum operating conditions for each 
detector module, including bias and optical input power levels. 

(3) Phase-matching of the two links ay adjusting the fiber lengths 
to within + 90° at 980 MHz; however, the links were successfully 
matched to + 10°. 

6.1 EMITTER OPERATING CONDITIONS 

To accomplish thermal stabilization of the emitter module, a thermistor is 
used as a sensor in an active feedback 'jop and the potentiometer gives 
the ability to set the diode standard temperature to a desired value. The 
temperature value used is not critical, but does have an effect on the bias 
requirements and wavelength of operation. Since neither has much system 
significance, the temperatures were arbitrarily set to 20°C. 

The NEC supplied data of optical power versus bias current at 23°C for each of 
the laser diodes was replotted in Figure 6.1 at the reduced temperature of 20°C. 
For a fixed value of bias curent, a small change in temperature can have a 
large effect on the optical output power validating the need for thermal 
stabi lization. 

The linear portion of the curves above the threshold knee represents the 
range in which the devices are operated. The mid-points for each of the 
curves is indicated and correspond to the current levels for the DC bias 
for normal sinusoidal modulation. It was determined, however, that a slight 
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bias current increase served to extend the lasers' frequency response such 
that the resonance peaks were pushed farther away from 980 MHz. Phase 
transmission was found to be more stable, and the selected current values 
are also indicated on the curves. The crosses at the upper ends of the 
curves represent the peak power output points as recommended by NEC for 
long device lifetimes. 

For each device, the maximum modulation signal was determined by varying 
the signal swing magnitude and concurrently monitoring the optical output 
power. Maximum modulation was attained when a sudden increase was observed 
in the average optical power reading, implying that the laser was being 
driven into cut-off on the negative AC current peaks. For emitter module 
# 96-21-29 the rms voltage applied should be less than 0.7 volts; whereas, the 
maximum applied voltage for emitter # 96-21-13 is 0.8 volts rms. 

The above empirical values may be compared to values obtained by graphical 
analyses. For both ILD's, the peak current swing from the bias point to 
the cut-off point is 14 ma which becomes 0.70 volts peak required at the 
50 ohm input terminals to the modules, or 0.5 volts rms. The discrepancy 
is not presently understood, but clearly some overdrive is allowed, implying 
that the AC slope is more horizontal than the plotted DC bias curve slope. 
Further investigation is suggested. The DC bias current and, to a lesser 
extent, 980 MHz drive levels, both affect the phase lag through the emitter 
modules. Measured data are discussed in Section 7.2. 

6.2 DETECTOR OPERATING CONDITIONS 

Pertinent test data which were supplied by RCA for each avalanche photo- 
detectors are given in Figure 6.2. A value for breakdown voltage is 
listed for each device, above which excess shot noise is observed. For 
Diode # 0223, the selected bias value was 175 volts, and for Diode # 0225 
it was 180 volts. The actual bias voltages applied to the detector will 
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TYPE; — C3Q9QAF 
SERIAL NO; n»»V' 


• IKI DATA AT 22°C 

L2A 

LLL 

LL. 

— i 
— . I * 

a^io -13 
<- .5 


• For types C30903E through C30908E the 

OPTICAL MEASUREMENTS ARE REFERRED TO 
RADIATION FALLING ON THE INPUT OF THE 
LI3HT PIPE. 


' Operating Voltage 
Breakdown Voltage 

Dark Current 

Respqnsivity 

Noise Current 

Risetime 


.VOLTS 
VOLTS 
NANO AMPS 

.AMPS/WATT AT 330 ftf-1 
Afff»S/H2 % 

-Nanoseconds 



TYPE: CME_ 

SERIAL NO: 0 BBS 


• IESI.DATft AT 22°C. 


Operating Voltage /79 

Breakdown Voltage / 

Dark Current _ _ /£ 

Responsivity 77 

Noise Current . 3.x 10'^ 

Riseume c 


.VOLTS 
VOLTS 
KANO AMPS 

.AMPS/WATT AT 330 ffl 
Af1PS/H2 % 

•Nanoseconds 


# For types C30903E through C30908E the 

OPTICAL MEASUREMENT') ARE REFERRED TO 
RADIATION FALLING ON THE INPUT OF THE 
LIGHT PIPE. 



FIGURE 6.2. AVALANCHE PHOTODIODE BIAS DATA 
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always be less than the supply voltages due to the action of the 100 K ohm 
resistors and will vary as the incident light level varies. The bias 
will affect the width of the internal depletion region which will, therefore, 
alter the diodes' drift rates and the system frequency response. A roll-off 
in frequency response will have a detrimental effect on Dhase lag, and there- 
fore, should be beyond 980 MHz. A high value of bias is required for extended 
frequency response, and the selected approach was to limit the incident 
optical power by inserting small spacers inside the connectors of the emitter 
modules. 

Tests were run to determine the effect of varying the incident optical power 
on the phase delay. The test setup was configured as in Figure 6.3 and the 
critical data points are recorded in Figure 6.4. As a compromise between 
operating in the flatter regions of the curves and good signal -to-noise ratios, 
the decision was made to adjust the optical powers close to the indicated 
peak response points. With optical powers greater than these values, the 
rms output voltages began to decrease in amplitude due to the reduced frequency 
response effects discussed above, even though the input signal was actually 
stronger. The phase sensitivity above the peak response points is also obvious. 

The emitter-detector pairing was as shown in Figure 6.5. After the spacers were 
inserted into the respective emitter module fiber optic connectors, the actual 
values of incident optical powers and DC photocurrents were: 

Detector DC Current Incident Optical Power 

#0223 0.39 ma 82 microwatts 

#0225 0.39 ma 73 microwatts 

If the 980 MHz signal source was removed from the emitter modules, only 
noise should remain at the detector outputs. However, in both cases, the 
noise power was insufficient to be measured directly with the RF power meter. 
Using detector module #0223 as an example, a mathematical noise analysis can 
be performed. 
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FIGURE 6.3 DETECTOR MODULE PHASE TEST 


D180-25888-1 



























I 



FIGURE 6.5 PHASE MATCHING OF 980 MHz TWO-WAY LINK 
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Assume that the APD quantum efficiency is 75* and that the coupling 
efficiency of the fiber to the detector surface through the light pipe is 
50*. The DC responsivity is given as: 

n n Gq X 

R = — - — ^ = amps per watt 

Where R = APD responsivity 

n = coupling efficiency 
c 

riq= quantum efficiency 
G = internal avalanche gain 
q = the electronic charge (1.6 x 10 coni) 
x = optical wavelength (860 nm) 
h = Planck's constant (6.625 x 10"^) 

Q 

c = speed of light in a vacuum (3 x 10 meters/sec) 

By insertion of the given values, R = 0.26 G amps per watt. The measured value 
for R is given by taking the quotient of the DC photocurrent and the incident 

_3 

optical power: R = 0.39 x 10 = 4.76 amps per watt, and, therefore, the 

82 x 10-b 

avalanche gain, G = 18.3. 

The post-detection amplifier used in the tests had a gain of 26 db, and a noise 
figure of 5 db at 50 ohms. A filter followed the preamp which had a noise 
bandwidth of approximately 50 MHz, centered at 980 MHz. 

If a preamp is said to have a noise figure of 5 db at 50 ohms, it is implied 
that its output noise power, if referred back to the input, is 3.16 times the 
noise power of a 50 ohm resistor when that 50 ohm resistor is connected as 
its source. If we assume that the preamplifier's noise is independent of 
source impedance, then, since noise powers add, the amplifier's output noise, 
if referred to the input when the resistor is removed, becomes 2.15 times 
the noise power of a 50 ohm resistor. At room temperature, 290°K, the mean 
square noise current for a 50 ohm resistor (Johnson noise) is given as: 
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where 


< 1 5 o^> * ~ \l~ - f amps 2 » 1.601 x 10‘ 14 amps 2 

2 2 
cigO >= mean square 50 ohm noise current, amps 

-23 

k * Boltzmann's constant s 1.38 x 10 

T = 290° Kelvin 

Af = noise equivalent bandwidth (50 MHz) 


and, therefore, the preamplifier noise current becomes: 
<1 a 2 > = 2.16 <1 50 2 > = 3.458 x 10 -14 amps 2 


When a DC current flows through a semiconductor junction, such as an ADP, 
a shot noise is created; also due to some randomness in the avalanche gain 
mechanisms, excess noise is also generated. Empirically,^*^ it has been 
determined that this noise contribution can accurately be modeled as: 


-V> "■ Vph 6 '' 5 if an,psZ 


where: <i ^ > = mean sc 1 uare phctocurrent noise 

I h = DC photocurrent = 0.39 ma 


2 -13 2 

and inserting values yields: <i ph > = 4.885 x 10 amps . 


The noise term due to dark current is included in the effects of the measured 

DC phot^current. Summing the mean square noise terms gives the total noise 

2 22 -13 2 

referred to the amplifier input as <i T > = <i . > + <i > ■ 5.231 x 10 amps . 

T pn a 

The noise power into 50 ohms after an amplification of 26 db becomes: 

P N = <1 j 2> ‘ 50 ‘ 26db = 1.041 x 10~ 8 watts. The noise value of the 980 MHz 

signal component at the same point, measured with an RF power meter, was 
-4 

6.370 x 10 watts. Therefore, the signal-to-noise ratio is calculated as: 

SNR = 6.370 x 10' 4 = 6.118 x 10 4 = 47.9 db (Detector #0223). 

1.041 x 10 -8 
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A similar analysis for detector #0225 yields: SNR * 6.970 x 10" 4 » 5.686 x 10 4 
47.55 db. 1.226 x 10‘ 8 

It is possible to calculate the AC efficiency product for each emitter- 
detector pair. If the AC efficiency product was unity, then the peak 
AC current value out of the detector would be equal to the DC photocurrent, 
provided the dark current was negligible. If the measured output powers are 
referred back to the detector module output by the preamplifier gain (26 db) 
and converted to AC current values into 50 ohms. It Is found that: 

i^£ (rms) = 1.780 x 10~ 4 amps (Detector #0223) 

i AC (ms) = 1.871 x 10‘ 4 amps (Detector #0225) 

Multiplying each value by yj~2 gives the sinusiudal peak value for each: 

i AC (peak) = 2.530 x 10 4 amps (Detector #0223) 

i AC (peak) = 2.646 x 10" 4 amps (Detector #0225) 

and, thus, the emitter-detector efficiency products are seen to be: 

0.253 ma = 64.9% (Detector #0223} 

0.390 ma 


and 0.2646 ma = 67.8% (Detector #0225) 

0.390 ma 

which are felt to be excellent figures at 980 MHz. It is possible to increase 
the efficiencies even more (at the expense of a small amount of harmonic 
distortion) if the emitter RF drives are Increased. The effects of fiber 
bandwidth also play a role in the efficiency tern. At this time, the 
tools for distinguishing the various effects are not available. The effect 
of bias on detector phase change is discussed in Section 7. 
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6.3 980 MHz DUAL LINK PHASE MATCHING 

Experimental measurements of total link phase delay Indicated a significant 
phase mismatch between the two links. By using a common fiber and detector, 

It was found that Emitter Module #96-21-13 lagged Emitter Module #96-21-29 
by approximately 50° at 980 MHz. This was higher than expected, but the 
difference was stable. It was also determined that one of the fibers In 
the two-fiber cable was optically shorter, even though their physical 
lengths appeared to be Identical. As a consequence, the optically shorten 
fiber (designated as Fiber #1) was used with Emitter #96-21-13 In the link 
to provide some compensation for effects. The phase difference between 
the detector modules was measured to be only about 10°. 

The dual links were configured Into the test setup shown by Figure 6.5. 

By decreasing the RF frequency. It was found that the phase difference 
traveled through zero degrees at approximately 300 MHz intervals. This 
implied a path length difference of * 3.27 wavelengths at 980 MHz. 

Phase matching of the two links was accomplished by physically trinming 

the lengths of the two fibers. The calculated physical wavelength for 

one 980 MHz cycle (360°) is 8.2 inches along a fiber. Three wavelengths 

(*=24 inches) were cut from the optically longer fiber, thereby causing 

the phase difference to monotonically approach zero degrees with decreasing 

frequency. At this point, the final length cut was determined by the 

formula: L = ► . C (meters), where 0 * the measured phase 

360 n 980 MHz 

difference in degrees. After two attempts, the technique proved successful, 
and the fibers were terminated. The final apparent length difference was ?6.5 
inches, and the phase difference between the two links was, to within test 
equipment tolerances, less than + 10° at 980 MHz. Fiber #2 appears physically 
shorter. 
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The total length of the Siecor cable is approximately 250 meters, and thus 
the percent difference in length Is 0.27%. The difference could be explained 
by Imbalances in the cabling process, such as a difference in fiber tension 
as the fibers were reeled off their spools. The cable uses a loose-tube 
construction and It Is conceivable that one of the fibers was pulled fairly 
straight, whereas the other was laid in a helical fashion causing it 
to appear shorter. It is also possible that a difference in refractive index 
exists between the two fibers. Nominal ly, the core index value is equal 
to 1.470, and if, for example, the dopant process was upset, an index in the 
second fiber of 1.474 could cause the required length difference. According 
to Corning, such a difference is not likely, but is possible. Realistically, 
the difference is probably best explained by a combination of the two factors. 

The phase discrepancy between the two emitter modules is not clearly understood 
at this time. However, a suggested explanation stems from the observation 
that the resonance frequency points for the two ILD's were different. The 
resonance frequency for Emitter Module #96-21-13 was appreciably lower than that 
of Emitter Module #96-21-29 and not much greater than 980 MHz ( *1 GHz). 

Phase sensitivity is expected to be high in this region. In addition, a slight 
physical length mismatch may exist between the two ILD fiber pigtails. 
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7.0 980 MHz TWO-WAY LINK CHARACTERISTICS 

This section describes all of the bias and drive level requirements. Input 
and output optical power levels and Input and output RE power measurements. 

In addition, data are plotted for phase variation versus emitter bias, 
emitter RF drive, and detector bias. The link characterization test setup 
Is shown In Figure 7.1 which shows the link, the vector voltmeter, the 
RF source, and the necessary power supplies and parameter measurement 
Instruments. 

7.1 INPUT AND OUTPUT LEVEL SPECIFICATIONS 

The 980 MHz two-wby link test setup is described In Figure 6.5. All of 
the pertinent operating characteristics are shown In Figure 7.2. It Is 
suggested that the emitter bias currents, detector bias voltages, and emitter 
RF power Inputs be as close to the chart figures as Is possible in order to 
maintain the phase match and close balance between detector RF power outputs. 

The thermoelectric coolers may alternate between cooling (positive supply 
current) and heating (negative supply current) for a short period after 
turn-on or If the injection laser diodes are not biased on and there Is 
no heat load. Immediately upon turn-on there will be a large cooling current 
surge which will last, for a few seconds and then subside to normal conditions. 
It Is recommended that the lasers never be operated while the coolers are 
not functioning. 

7.2 PHASE MISMATCH VERSUS INPUT PARAMETERS 

In order to determine the llnk-to-link phase mismatch variations which can 
be tolerated In the SPS path length compensation scheme, the phase delay 
through the link as a function of input bias and drive parameters was 
measured. In each case, all other parameters were held at their nominal 
values as given in Figure 7.2. Emitter bias was by far the most sensitive 
parameter (Figure 7.3), ad therefore, extra efforts should be taken 
to assure that, the bias currents match the suggested values. 
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EMITTER MODULE CHARACTERISTICS 


Emitter 

DC Bias 

DC Bias 

RF Power 

Optical 

Module 

Current 

Voltaqe 

Input @ 50 0 

Power Out 

#96-21-29 

72 ma 

+5.7 volts 

6.4 mw 

650 microwatts 

#96-21-13 

87 ma 

+6.5 volts 

6.9 mw 

580 microwatts 


DETECTOR 

MODULE CHARACTERISTICS 


Detector 

DC Bias 

Optical 

DC 

RF Power 

Module 

Voltage 

Power In 

Photocurrent 

Output 0 5Cft 

#0223 

+175 volts 

82 microwatts 

0.39 ma 

1 .6 milliwatts 

#0225 

+180 volts 

73 microwatts 

0.39 ma 

1.75 milliwatts 


THERMOELECTRIC COOLER REQUIREMENTS 



{WITH EMITTER MODULES) 



DC Bias 


DC Bias 



Voltage 


Current @ 72° 

F 


+5 volts 


0.2 amps each 

at steady state 


-5 volts 


<100 ma each at steady state 


FIGURE 7.2 980 MHz TWO-WAY LINK OPERATING CHARACTERISTICS 
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Detector bias, when varied as in Figure 7.4, showed little effect until 
it dropped below 160 volts in both cases. Operation much above the suggested 
values is discouraged because of the possibility of destruction of the 
APD's. Emitter RF drive (980 MHz), as plotted in Figure 7.5, had little 
effect on phase, but it is recommended that high drive levels be maintained 
to ensure good receive- signal-to-noise ratios. 
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-40- 
-50* 
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EMITTER BIAS, ma 


FIGURE 7.3. PHASE MISMATCH VS. EMITTER BIAS 
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DETECTOR #0225 


-15-/ 

/ 
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180 185 



-5- 

-10- DETECTOR #0223 

-15- 
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DETECTOR BIAS, volts 

FIGURE 7.4. PHASE MISMATCH VS DETECTOR BIAS 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

The feasibility of transmitting a 980 MHz phase signal along a fiber optic 
link has been successfully demonstrated. The transmitted phase signal was 
stable and exceptionally strong and clear and no difficulty should arise 
in its use as a control signal. Also, a nearly identical return link was 
built with an equal optical path length so that the received information 
of the first link may be returned to the source VCO for any required phase 
correction. 

During the study, however, several questions arose which need investigation 
before a fiber optic design approach can be confidently adopted for the 
SPS phase distribution application. 

(1 ) Fiber Optic Cable Considerations 

To phase-match the dual link developed within this study, an apparent 
physical length difference of 0.3% was required between the two fibers. 

Since the concept of the dual link requires that the path lengths be 
matched to some degree for proper compensation, the question arises as to 
fiber-to- fiber phase match requirements for proper path length compensation. 
Ideally, the two fibers should be identical not only in optical but in physical 
length so that the fibers will see the same environment along any incremental 
length and thus, provide accurate tracking. 

The ramifications of the dissimilar fiber problem for the SPS application are 
not clear at this time, and further study is required. If the problem is 
found to be seriuus, special coordinated efforts are needed with a fiber 
cabling company to assure that matching requirements are met. It may be 
necessary to form the two-fiber cables with two fibers cut from the same 
draw for the best match of characteristics. Special efforts would also 
be required to pull the two fibers with identical tension. 
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It may also be possible to develop a temperature-hardened, phase-stable 
cable that could tolerate the wide SPS thermal environment with only minor 
effects. Coaxial companies have been working on the problem for years, and 
some of the technology should be applicable to fiber optics. 

(2) Emitter and Detector Considerations 

Little is known about the causes and mechanisms of phase delay through 
injection laser diodes and avalanche photodiodes. All external parameters 
were found tc have interrelated effects on phase delay, but more work is 
required to obtain a firm understanding of the mechanisms to determine 
the impact to the SPS application, and to prevent potential problems from 
occurring. 

A change in temperature appears to have effects on phase delay as well. If 
the phase on only one emitter (or detector) varied for any reason, the sub- 
sequent phase change would cause a phase error to be transmitted. Since the 
total phase error is limited to less than 10° rms, it may be necessary to 
house all of the emitter and detector modules in controlled environments. 

One rememdy may be a closed-loop system for the emitters in which the rear facet 
of the laser diode is monitored by a PIN photodiode, the demodulated output 
compared with the modulation input, and corrected for drift. The concept is 
felt to be worthy of laboratory testing if controlled environments are not 
possible. 

It is also suggested that further investigation be undertaken to determine the 
full impact of detector and emitter (and fiber) frequency response on phase 
transmission. Efforts were made in the present study to ensure that frequency 
response was of little consideration but should other IF frequencies be 
suggested (above 1 GHz) these effects need to be investigated. 
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It was found that the present link operated slightly above 1 GHz. 

(3) System Level Recommendations 

Upon resolution of the above qeustions, it is recommended that a sample leg 
of the four-level SPS phase distribution network be built and tested. 

The network should include the proposed phase-locked loops, splitters, and 
drivers, and should be a good working model of the entire distribution net- 
work. This would demonstrate the phase control concept and the ability of 
fiber optics technology to challenge the stringent requirements of space- 
borne applications. Subsequent to this, a working model of a four-level 
"tips" system could be built, providing quantitative data on the total phase 
error budget of the SPS phase control at the module level . 
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SPS FIBER OPTIC LINK ASSESSMENT TEST PLANS 
60MHz AND 980MHz 
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SPS F/0 Lit ASSESSMENT - TEST PLAN 
60 MHZ OPTICAL FIBER PHASE VS. TEMPERATURE TESTS 


1. Purpose - The purpose of this test plan Is to define the test procedures 
necessary to do comparative testing of the phase variation of a signal tran- 
smitted through fiber optics as environmental temperature Is varied. 

2. Procedures 

2.1 Fibers to be tested - The following fibers have been procured for the test 
and shall be tested. 

a) Corning Glass Works, graded-lndex, IVPO process 
bj Corning Glass Works, graded-lndex, OVPO process 

c) Times Wire & Cable, graded-lndex, OVPO process 

d) Nippon Sheet Glass Co., graded-lndex, "Selfor" 

e) Corning Glass Works, single-mode fiber 

2 . 2 Fi ber Preparation 

2.2.1 Construction of Mandrels - Mandrels shall be manufactured onto which the fibers 
will each be wound In preparation for testing. A construction drawing follows. 
(Figure 2. 2. 1.1) 

2.2.2 Fiber Winding - Each fiber shall be wound onto Its respective mandrel. The radius 
of the region between the vertical standoffs with respect to the center of the 
mandrel plate shall be adjusted via best choice of the drilled standoff holes such 
that this radius Is most closely matched to that of the spool obtained from the 
manufacturer on which the fiber was wound. The "start" end of the fiber shall 

be secured to the mandrel plate and marked "START". Three (3) feet (approx.) of 
excess fiber shall be allowed for handling and coupling out of the environmental 
chamber and Into the transmitter. 

The main fiber winding procedure shall be to support the manufacturers fiber spool 
vertically over the respective mandrel and to allow the fiber to gently (and loosely) 
drop onto the mandrel such that the fiber falls into a circular pattern around, 
through and between the standoff pairs. As at the start, approximately three (3) 
feet of excess fiber shall be allowed for coupling out of the chamber and into the 
receiver. The fiber shall be secured to the mandrel plate as before and marked 
"END". 

2.2.3 Fiber End Preparations - The ends of the fibers must be prepared in a fashion 
to make "them suitable for insertion into a connector. Each fiber end shall be 
stripped of all buffer and/or other coating, to expose the fiber cladding for a 
length of approximately 1". The appropriate end preparation procedures for each 
fiber shall be determined as required. All ends shall be cleaved and cleaned. 

2.2.4 Connector Procedures - Ampherol 906 series connectors shall be used to connect 
the fiber ends to the transmitter and receiver units. In all cases, the fiber 
ends shall be slipped through their respective connectors such that the fiber 
ends protrude slightly from the connector ends. The assemblys shall then gently 

be screwed into their respective receptacles on the transmitter and receiver units. 
Some connector boring may be necessary to accommodate larger fibers. 
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2.3 Test Equipment 

2.3.1 Equipment Required - The following Is a listing of test-equipment required fo> the 
lob. 

a) CAD/CAM F/0 XMTR 

b) CAD/CAM F/0 RCVR 

c) Frequency Synthesizer (with capability at 60MHz) 

d) Environmental chamber (with capability -50°C to +150°C and size 12" x 12" x 16" 
minimum) 

e) Digital thermometer 

f) Oscilloscope (dual trace) 

g) Vector Voltmeter 

2.3.2 Equipment Stabilization - As a prerequisite to any actual testing, it Is mandatory 
that all equipment be up and running at test conditions for a minimum of 24 hours. 

Of particular importance, the requirement pertains to the F/0 XMTR and RCVR, 
frequency synthesizer, vector voltmeter, and oscilloscope. 

2.3.3 System Integration - For assembly of the test system, the equipment shall be 
interconnected as shown by figure 2. 3. 3.1. The fiber to be tested shall be insert- 
ed Into the environmental chamber (aboard its respective mandrel) and the fiber 
ends shall be brought through the chamber side ports and connected to the F/0 

XMTR and RCVR units as described In section 2.2.4. 

2.4 Test Plan 

2.4.1 Information Sought - The intent of the test, as described by section 1. is to gather 
only information of the phase of the transmitted signal. The goal Is to measure, 
for each fiber tested, the change In phase of the signal at the receiver end of 

the fiber with respect to the phase at the transmitter end of the fiber over an 
environmental temperature change. 

2.4.2 Test Frequency - The frequency of the transmitted signal shall be 60.000 MHz to the 
best tolerance of the synthesizer. 

2.4.3 Temperature Range - The environmental chamber shall be varied from -50°C to +150°C. 

2.4.4 Test Temperature Increments - The temperature Increments between successive test 
points shall be 25°C + 50C. The desired mean test points are therefore -50OC, 

-25°C, 0°C, 25°C, 50°C, 75°C, 100°C, 125°C, 150°C. 

2.4.5 Test Cycles - The tested fiber shall be cycled through the test one time. That is, 
the test shall be run fully in the direction o' Increasing temperature to the 
maximum temperature of the test, reversed, and run fully In the direction of decreas- 
ing temperatjre to the minimum temperature of the test. It Is suggested that the 
fiber be subjected to one cycle prior to actual testing to effect fiber "break-in". 

2.4.6 Period of Test Point Readings 
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2. 4. 6.1 Temperature range end-points - At the beginning of the temperature range for 
a test in either direction, the temperature must be allowed to stabilize for 
30 minutes, + 1 minute. 

2. 4. 6. 2 Temperature range mid- points - For any temperature range mid-point readings, 
the temperature must be allowed to stabilize for 15 minutes, + 1 minute. 

2.4.7 Test Procedure - After sufficient warm-up (sec. 2.3.2) and system integration 

(sec. 2.3.3), the test shall begin at -50°C per sec's 2.4.3, 2.4.4, and 2. 4. 6.1. 
A phase vs. temperature reading shall be recorded and the test then incremented 
per sec.'s 2.4.4 and 2. 4. 6. 2. Readings shall be recorded at each point until 
the upper temperature point (+150°C) is reached. After its reading Is recorded, 
the cycle must be reversed as per sec. 2.4.5 and 2. 4. 6.1 and readings taken 
per 2.4.4 and 2. 4. 6. 2 until the minimum temperature is again reached (-50°C), 
and its reading recorded. 

3. Presentations of Results 

3.1 Plotted Data - Data for each fiber tested shall be plotted on linear graph paper 
showing change in phase versus temperature. Because change of phase is a rela- 
tive parameter, change of phase shall be set equal to 0° at -50°C temperature. 

In addition, all test results shall also be plotted together to better illu- 
strate comparative results (on a per meter basis). 

3.2 Results Discussion - Results discussion shall include any expected or unexpected 
findings, test difficulties, suggestions, etc. As a conclusion, a fiber shall 
be suggested for the 980 MHz F/0 system test. 
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SPS F/0 LINK ASSESSMENT-TEST PLAN #2 
980 MHz F/0 SYSTEM DEMONSTRATION TESTS 


1. Purpose - The purpose of this test plan Is to define the test pro- 
cedures necessary for evaluation of a F/0 link for use at 980 MHz. 

The test is intended to evaluate F/0 emitters and detectors at 980 
MHz at room temperature for signal throughput, modulation depth, 
sensitivity, etc., and to investigate various effects in an optical 
fiber due to temperature variation. The effects include propoga- 
tion delay attenuation, and bandwidth changes. 

2. General Test Definition 

2.1 Test Link Components 

2.1.1 Fiber - The fiber to be tested shall be specified based upon results 
of Test Plan #1 run at 60 MHz. The fiber will be already wound 

on a test mandrel . 

2.1.2 Emitter System - The emitter shall be an NEC #NCL3025P injection 
laser diode (ILD) with pigtail and appropriate 50f2 coupling net- 
work. Also included will be the appropriate biasing and drive 
networks . 

2.1.3 Detector System - The detector shall be an RCA #C30902E avalanche 
photo diode (APD) with pigtail and appropriate coupling network. 

Also included will be the appropriate biasing and amplifier networks. 

2.2 Test Equipment 

2.2.1 Equipment Required - The following is a total listing of test- 
equipment required for the jobs. 

a) TVIT power/uriver amplifier, 5 On 

b) 980 MHz freq. synthesizer 

c) 50n pre-amplifier 

d) Directional coupler, 10:1 

e) Environmental chamber (with capability -50°C to +150°C and 
size 12" x 12" x 16" minimum) 

f) Oscilloscope 

g) Digital thermometer 

h) Optical power meter 

i) Vector voltmeter 

j) 50 MHz 8W filter, centered at 980 MHz 

k) 50ft powermeter with sensor 

2.2.2 Equipment Stabilization - As a prerequisite to any actual testing, 
it is mandatory that all equipment be up and running at test condi- 
tion levels for a minimum of 24 hours. 
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2.2.3 Connector Procedures - Amphenol 906 series connectors shall be 

used to connect the fiber's ends to the emitter and detector systems. 
In all cases, the fiber ends shall be slipped through their respec- 
tive connectors such that the fiber ends protrude slightly from the 
connector ends. The assemblies shall then be gently screwed 
Into their respective receptacles on the emitter and detector 
systems. Full attention shall always be paid to maintaining clean, 
cleaved fiber ends. 

3. Room Temperature Tests 

3.1 Test Frequency - The frequency of the transmitted signal shall 
be 980.000 MHz to the best tolerance of the synthesizer. 

3.2 Optical Power Measurements 

3.2.1 Information Sought - The Intent of these tests is to determine 
the optical powers (average) found emitting from the source pigtail 
and also entering the detector pigtail for the case of no modula- 
tion and for the case of modulation. 

3.2.2 Test Configuration - The test set-up shall be Interconnected as 
per figure 3.2-1. 

3.2.3 Power From Emitter Pigtail, Mod. "OFF” - Connect the emitter 
pigtail directly to the photometer head via a connector, remove 
all modulation and measure the optical power. 

3.2.4 Power From Emitter Pigtail , ffod "ON" - Repeat as per section 
3.2.3, but with fuTl modulation. 

3.2.5 Power Into Detector Pigtail, Mod "OFF" - Repeat as per section 3.2.3, 
but measure from the long length of test fiber. 

3.2.6 Power Into Detector Pigtail, Mod. "ON" - Repeat as per section 3.2.5, 
but with full modulation. ~~ 

3.2.7 Presentation of Data - Data shall be presented a..d also included 
shall be any expected or unexpected findings, test difficulties, 
suggestions, etc. 

3.3 Electrical Power Measurements 

3.3.1 Information Sought - The intent of tfese tests is to determine the 
noise and signal power levels of the 980 MHz receiver system. 

3.3.2 Test Configuration - The test set-up shall be interconnected as 
per figure 3.3-1 ~ 
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3.3.3 After Preamp, No Optical Signal - With the optical fiber link J 

disconnected at the detector pigtail, measure the electrical 

power. 

9 

3.3.4 After Preamp, Optical Signal, No Modulation - With the fiber ' 

reconnected, and with the source power on but with no modulation, 

measure the electrical power. 

... * 

3.3.5 After Preamp, Optical Signal, Full Modulation - With the link as 
per section 3.3.4, but with source modulation, measure the elec- 
trical power. 

3.3.6 Presentation of Data - Data shall be presented and also included 
shall be any expected or unexpected finding, difficulties, sugges- 
tions, etc. An attempt will be made to characterize all noise 
sources as equivalent current sources in parallel with the signal 
current source to allow for simple analysis and predictable signal 
to noise ratios. 

4. Thermal Tests 

4.1 Test Frequency - The frequency of the transmitted signal shall be 

980.000 MHz to the best tolerance of the synthesizer. 

4.2 Temperature Ranqe - The environmental chamber shall be varied from 
-$0&C to +150° c! 

4.3 Test Cycles - The tested fiber shall be cycled through the test 
one time. That is, the test shall be run fully in the direction 
of increasing temperature from the minimum temperature to the max- 
imum temperature, reversed, and run fully in the direction of 
decreasing temperature to the minimum temperature of the test. 

It is suggested that the fiber be subjected to one cycle prior to 
actual testing to effect fiber "break-in". 

4.4 Period of Test Point Readings 

4.4.1 End Points - At the end of th. temperature range for a test in 
either direction, the tempe; i. lure must be allowed to staoilize 
for 30 minutes, + 1 minute. 

4.4.2 Mid Points - For any temperature range mid-point readings, the 
temperature must be allowed to stabilize for 15 minutes, + 1 minute. 

4.5 Phase and Amplitude Tests 

4.5.1 Information Sought - The intent of this test is to measure the change 
of phase of the signal at the receiver end of the fiber with respect 
to the phase at the transmitter end of the fiber over an environmental 
temperature change. The relative amplitude (in dB) of the signal 
shall also be monitored over the same temperature range. 
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4.5.2 Test Configuration - The test set-up shall be Interconnected as 
per figure 4.5-1. 

4.5.3 Temperature Increments - The temperature Increments between successive 
test points shall be 25°C + 5°C. The desired mean test points 

are therefore -50°C, -250C7 0°C, 25°C, 50°C, 75°C, lOOOC, 125°C, 

150OC. 

4.5.4 Test Procedure - After sufficient warm-up (sec. 2.2.2), the test 
sFall begin at -50°C (per sec.'s 4.2, 4,4.1). Phase and amplitude 
readings vs. temperature shall be recorded and the test then 
Incremented (per sec.'s 4.4.2 and 4.5.3). Readings shall be recorded 
at each point until the upper temperature limit Is reached (+150°C). 
After Its readings are recorded, the cycle must be reversed (as per 
sec.'s 4.3, and 4.4.1) and readings taken (per sec.'s 4.5.3 and 

4.4.2) until the minimum temperature Is again reached (-50°C), 
and its readings recorded. 

4.5.5 Presentation of Data 

4. 5. 5.1 Plotted Data - Data shall be plotted on linear graph paper showing 
change in phase and amplitude, In dB, versus temperature. Because 
change of phase and amplitude, In dB, are relative parameters, 
both parameters shall be set to zero at -50°C temperature. 

4. 5. 5. 2 Results Discussion - Results discussion shall Include any expected 
or" unexpected findings, difficulties, suggestions, etc. 

4.6 Attenuation Tests 

4.6.1 Information Sought - The Intent of this test Is to determine the 

effects of temperature on the bulk loss properties of the fiber. 

By comparing the results of this test with the amplitude results 
of section 4.5, some feeling for bandwidth effects may also be 
gathered. 

4.6.2 Test Configuration - The test set-up shall be interconnected as 
per figure 4.6-1. 

4.6.3 Temperature Increments - The temperature Increments between successive 

test points shall be 5o°C + 5°C. The desired mean test points 

are therefore -50°C, 0°C, +50°C, +100°C, +150°C. 

4.6.4 Test Procedure - After sufficient warm-up (sec. 2.2.2), the test 
shall begin at -50°C (per sec.'s 4.2 and 4.4.1). Optical power 
vs. temperature shall be recorded and the test then Incremented 
(per sec.'s 4.4.2 and 4.6.3). Readings shall be recorded at each 
point until the upper temperature limit is reached (+150°C). 

After its readings are recorded, the cycle will be reversed (per 
sec.'s 4.3 and 4.4.1) and readings taken (per sec.'s 4.4.2 

4.6.3) until the minimum temperature Is again reached (-50' 
and its readings recorded. Source modulation shall be 'OFF* 
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4.6.5 Presentation of Data 


4.6. 5.1 Plotted Data - Data shall be plotted or linear graph paper showing 
relative optical power (In dB) vs. temperature. The parameter 
shall be set to zero dB at -50°C temperature. 

4. 6. 5. 2 Results Discussions - Results discussion shall Include any expected 
or unexpected findings, difficulties, suggestions, etc. Discuss 
any bandwidth effect observations. 
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APPENDIX II 

SPS FIBER OPTIC EMITTER AND DETECTOR MODULE 
PACKAGE DRAWINGS 
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